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The vaccination program against the 2009 pandemic HIN1 influenza virus (2009 HIN1) provided a unique
opportunity to determine if immune responses to the 2009 HIN1 vaccine were affected by a recent, prior
vaccination against seasonal influenza virus. In the present study, we studied the immune responses to the 2009
HIN1 vaccine in subjects who either received the seasonal influenza virus vaccination within the prior 3
months or did not. Following 2009 HIN1 vaccination, subjects previously given a seasonal influenza virus
vaccination exhibited significantly lower antibody responses, as determined by hemagglutination inhibition
assay, than subjects who had not received the seasonal influenza virus vaccination. This result is compatible
with the phenomenon of “original antigenic sin,” by which previous influenza virus vaccination hampers
induction of immunity against a new variant. Our finding should be taken into account for future vaccination
programs against pandemic influenza virus outbreaks.

Only 2 months after a novel swine-origin influenza A
(HIN1) virus had been identified (2, 7), the first influenza virus
pandemic of this century was declared by the World Health
Organization (WHO) (20). Global spread of the 2009 pan-
demic HINT influenza virus (2009 HIN1) led to the urgent
need for development of effective vaccines and clinical trials to
evaluate their safety profiles and efficacy (4, 10, 14, 17, 21). As
preexisting immunity to a recent seasonal HIN1 influenza virus
strain [A/Brisbane/59/2007 (HIN1)] conferred only a limited
cross-protection to 2009 HIN1 (11, 16), the U.S. Centers for
Disease Control and Prevention made a nationwide effort to
encourage more people to get the 2009 HINT vaccine (1, 3).
However, the potential effect of previous seasonal influenza
virus vaccination on the efficacy of the 2009 HIN1 vaccine was
not considered during the nationwide vaccination program.

The effects of a prior exposure to influenza virus on the
efficacy of a subsequent vaccination against a variant strain are
poorly understood. One published report addressed whether a
previous vaccine against seasonal influenza virus might affect
the response to subsequent 2009 HIN1 vaccination, albeit in a
nonhuman setting. Using a ferret model, it was found that
animals primed with the seasonal influenza virus vaccine
showed an enhanced response to MF59-adjuvanted 2009
HIN1 vaccination compared to those not primed with the
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seasonal vaccine (8). A similar result was observed in the
setting with a prior seasonal influenza virus infection of ferrets
(9). These studies implied that there is a priming effect of
precedent exposure to seasonal influenza virus by vaccination
or infection on the efficacy of a subsequent 2009 HIN1 vaccine.

In contrast, based on the phenomenon of “original antigenic
sin,” it is also possible that a seasonal influenza virus vaccina-
tion could reduce the efficacy of a subsequent 2009 HIN1
vaccination. According to this intriguing phenomenon, anti-
body (Ab) or T cells specific to previously encountered virus
may dominate the immune response to a new viral variant, and
induction of protective immunity upon the vaccination or in-
fection of the variant may be hampered (5, 6, 13). Recently,
evidence of original antigenic sin was demonstrated in a mu-
rine model of sequential vaccinations with influenza virus
A/PR/8/1934 (HIN1) and A/FM/1/1947 (HIN1) (12). In both
immunization with DNA vaccines encoding hemagglutinin and
infection with live virus, the Ab response following the second-
ary vaccination was exclusively directed to the original antigen
rather than to the variant antigen. Therefore, the immune
response to the initial antigen attenuated the immune response
to the secondary antigen, resulting in diminished vaccine effi-
cacy.

In the present study, the impact of a recent vaccination
against seasonal influenza virus on the immune responses to
subsequent 2009 HINT1 vaccination was assessed in a human
vaccination program. We evaluated and compared the immune
responses to the 2009 HINT1 vaccine in subjects enrolled in the
nationwide vaccination program in the Republic of Korea with
or without a history of the seasonal influenza virus vaccination
given within the prior 3 months. We report here that individ-
uals with a previous seasonal influenza virus vaccination dis-
played significantly lower Ab responses to the 2009 HIN1
vaccination than individuals who received the 2009 HIN1 vac-
cination alone.
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FIG. 1. Ab responses to the 2009 HIN1 influenza virus vaccine in groups with (vaccine group) or without (nonvaccine group) a recent history
of the seasonal influenza virus vaccination. (A and B) Baseline GMTs to 2009 HIN1 (A) and proportions of subjects with Ab titers of =1:40
(B) were determined prior to the 2009 HIN1 vaccination by HI assay and compared between vaccine and nonvaccine groups. (C) Baseline GMTs
to seasonal HIN1 were determined prior to the 2009 HIN1 vaccination by HI assay and compared between vaccine and nonvaccine groups.
(D) Proportions of subjects with seroconversion or a =4-fold increase in Ab titer to 2009 HIN1 were compared between vaccine and nonvaccine
groups. (E and F) Proportions of subjects with seroconversion or a =4-fold increase in Ab titer to 2009 HIN1 (E) and a fold increase in Ab titer
to 2009 HIN1 (F) were compared between groups with high (=1:40) and low (<1:40) Ab titers to seasonal HIN1. Error bars represent 95%
confidence intervals. A P value of <0.05 was considered statistically significant. ns, not significant.

MATERIALS AND METHODS

Study subjects and vaccination. After receipt of informed consent, 71 high
school students, who were enrolled in the nationwide vaccination program for
2009 HINT1, were recruited. All subjects were female and either 16 or 17 years
old. There was no known clinical history of 2009 HIN1 infection in any subject,
and all participants were devoid of any symptoms indicative of acute respiratory
infection during this study. Two to three months before 2009 HIN1 vaccination,
34 out of 71 subjects had vaccination with a seasonal influenza virus vaccine com-
posed of A/Brisbane/59/2007 (H1N1)-like virus, A/Brisbane/10/2007 (H3N2)-like
virus, and B/Brisbane/60/2008-like antigen. All subjects were vaccinated with one
dose of monovalent, inactivated, split-virus HIN1 vaccine (GREEN FLU-S;
Green Cross, Yongin, Republic of Korea) containing 15 pg of hemagglutinin
antigen of the virus prepared from A/California/7/2009 NYMC X-179A (HIN1).
Whole-blood samples were collected before and 14 days after the 2009 HIN1
vaccination. Sera and peripheral blood mononuclear cells (PBMCs) were iso-
lated from whole blood immediately after sampling. This research protocol was
reviewed and approved by the Institutional Review Board of KAIST.

During data analysis, subjects with high preexisting Ab responses to 2009
HINI (hemagglutination inhibition [HI] titer of =1:320) were excluded due to a

ceiling effect of Ab response (see Fig. S1 in the supplemental material). Figure
S1 in the supplemental material demonstrates that Ab titers to 2009 HIN1
prior to the 2009 HINI1 vaccination inversely correlated with the Ab re-
sponses after the vaccination and that the subjects with prevaccination titers
of =1:320 had severely impaired Ab responses. Accordingly, 62 subjects were
included in the analyses by HI assay. In the multivariable logistic regression
analysis, one subject was excluded since T cell response data were not avail-
able.

Serologic analyses by HI assays. The HI assay was performed as described
previously (15, 19). Briefly, obtained sera were treated with receptor-destroying
enzyme (RDE) to inactivate nonspecific inhibitors with a final serum dilution of
1:10. RDE-treated sera were serially diluted 2-fold, and equal volumes of virus
(8 hemagglutinating units/50 pl) were added to each well. The microplates were
incubated at room temperature for 30 min, followed by the addition of 0.5%
turkey red blood cells (RBCs). The plates were gently mixed and incubated at
37°C for 30 min. The HI titer was determined by the reciprocal of the last
dilution that contained turkey RBCs with no agglutination. The limit of detection
for the HI assays done was set to =20 HI units. Geometric mean titers (GMTs)
were calculated for each group of serum samples.
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IFN-y ELISpot assay. Gamma interferon (IFN-y) enzyme-linked immunosor-
bent spot (ELISpot) assays were performed using cryopreserved PBMCs. In
brief, duplicate cultures of 300,000 PBMCs per well were stimulated by inacti-
vated seasonal influenza A/Brisbane/59/2007 (HINT1)-like virus at a final concen-
tration of 0.1 wg/ml. Also, for negative and positive controls, PBMCs were
incubated with phosphate-buffered saline (PBS) and with phytohemagglutinin.
After 30 h, plates were developed and IFN-y spot-forming units (SFUs) were
determined with an ELISpot analyzer (Cellular Technology Ltd., Shaker
Heights, OH). Antigen-specific IFN-y SFUs were quantified by subtracting the
mean SFUs in negative-control wells from the mean SFUs in antigen-stimulated
wells. A response was considered positive when antigen-specific IFN-y SFUs
were greater than 10 SFUs per 300,000 PBMCs.

Statistical analysis. We calculated the significance of differences in response
rates indicating vaccine effectiveness by means of Fischer’s exact test. In analyz-
ing differences in GMTs of HI, log-transformed values were compared using the
Mann-Whitney U test. The correlation between two variables was represented by
Spearman’s rank coefficient. We used logistic regression to model the individual
effect of dichotomized variables on the Ab response to HIN1 vaccination after
adjustment for covariates. All analyses were performed with PASW Statistics 18.
A P value of <0.05 was considered to indicate statistical significance.

RESULTS

In the present study, Ab responses to influenza virus were
evaluated by HI assays. For the HI assay, 62 subjects were
evaluated (28 subjects with a history of the seasonal influenza
vaccination within 3 months [vaccine group] and 34 subjects
without prior vaccination [nonvaccine group]). Table S1 in the
supplemental material presents the raw data of HI assays of
the 62 subjects. Between the vaccine and nonvaccine groups,
there was no significant difference in Ab responses to 2009
HIN1 prior to 2009 HIN1 vaccination, presented by GMT
(Fig. 1A), and the proportion of subjects with Ab titers of
=1:40 (Fig. 1B). As expected, the vaccine group presented
significantly higher GMTs than the nonvaccine group to the
seasonal HIN1 contained in the seasonal influenza virus vac-
cine (P = 0.011) (Fig. 1C). We next investigated the Ab re-
sponse to the 2009 HIN1 vaccine in the subjects with or with-
out a recent history of the seasonal influenza vaccination.
Importantly, the vaccine group experienced decreased Ab re-
sponse to the 2009 HIN1 vaccine compared to that of the
nonvaccine group, as determined by the proportion of subjects
with seroconversion or a =4-fold increase in 2009 HIN1-spe-
cific Ab titer (P = 0.034) (Fig. 1D).

As many subjects presented high GMTs to the seasonal
HIN1 even without a recent seasonal influenza virus vaccina-
tion (Fig. 1C), we analyzed the relationship between preexist-
ing Ab titer to the seasonal HIN1 virus and Ab response to the
2009 HINT1 vaccine. However, we found no difference in vac-
cine response to 2009 HIN1 between groups with high (=1:40)
and low (<1:40) Ab titers to the seasonal HIN1, as analyzed by
the proportion of subjects with seroconversion or a =4-fold
increase in Ab titer (Fig. 1E). Furthermore, no correlation was
found during an analysis of preexisting Ab titer to the seasonal
HINT virus versus the fold increase in the GMT to 2009 HIN1
(Fig. 1F). In summary, a recent vaccination history against the
seasonal influenza virus reduced the vaccine response to the
2009 HINI1 vaccine, though a preexisting Ab response to sea-
sonal HINT1 virus did not influence the 2009 HIN1 vaccine
response.

Next, we explored if preexisting T cell immunity to the
seasonal HIN1 virus could influence the immune response
to the 2009 HIN1 vaccination. To assess preexisting T cell
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FIG. 2. Effect of preexisting T cell responses to seasonal HIN1
virus on the Ab responses to the 2009 HIN1 vaccine. (A and B)
Proportions of subjects with seroconversion or a =4-fold increase in
Ab titer to 2009 HIN1 (A) and a fold increase in Ab titer to 2009 HIN1
(B) were compared between groups with or without preexisting T cell
responses to seasonal HIN1 particles, as measured by IFN-y ELISpot
assay. Error bars represent 95% confidence intervals. A P value of <0.05
was considered statistically significant. ns, not significant.

responses, PBMCs were stimulated with inactivated sea-
sonal HINT1 particles, and an IFN-y enzyme-linked immu-
nospot (ELISpot) assay was performed. We found that the
presence of preexisting T cell responses to seasonal HIN1
virus did not affect vaccine response to 2009 HIN1, as eval-
uated by the proportion of subjects with seroconversion or a
=4-fold increase in Ab titer (Fig. 2A) and fold increases in
GMT to 2009 HIN1 (Fig. 2B).

Finally, we performed multivariable logistic regression
analysis to identify contributing factors affecting the vaccine
response to 2009 HIN1. Our results showed that a recent
history of seasonal influenza virus vaccination was an inde-
pendent factor to make a significant impact on Ab response
to the 2009 H1N1 vaccine (P = 0.045) (Fig. 3). As expected
by the ceiling effect of Ab response (see Fig. S1 in the
supplemental material), a baseline titer of =1:40 to 2009
HI1NT1 was also an independent factor to reduce Ab response
to 2009 HIN1 (P = 0.021). A similar result was obtained in
the analysis without exclusion of the subjects with a prevac-
cination titer of =1:320 to 2009 HIN1 (see Fig. S2 in the
supplemental material).

Taken together, our findings demonstrate that a recent his-
tory of the seasonal influenza virus vaccination reduced the Ab
response to the 2009 HIN1 vaccine. These data suggest that an
original antigenic sin effect of the seasonal influenza virus
vaccination may be diminishing the Ab responses to the 2009
HINI vaccine.

DISCUSSION

In planning a mass vaccination program against a new pan-
demic influenza virus, it is very important to determine how a
previous vaccination against seasonal influenza virus may affect
the response to a subsequently administered pandemic vac-
cine. In the present study, we showed that individuals previ-
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FIG. 3. Multivariable logistic regression analysis. Multivariable logistic analysis was performed to identify contributing factors which affect the
Ab response to the 2009 HIN1 vaccine. One subject was excluded from this analysis since T cell response data were not available (n = 61 subjects)
(see Table S1 in the supplemental material). A recent history of the seasonal influenza vaccination and preexisiting Ab response to 2009 HIN1
negatively influenced the efficacy of the 2009 HIN1 vaccine with statistical significance. Shown are the adjusted odds ratios, with bars indicating
the 95% confidence intervals. A P value of <(.05 was considered statistically significant. ns, not significant.

ously given the seasonal influenza virus vaccination exhibited a
significantly lower response to the 2009 HIN1 vaccine than
those without a recent prior seasonal influenza vaccination.
Interestingly, a previous study demonstrated that prior vacci-
nation against seasonal influenza virus was associated with
increased risk of medically attended 2009 HINT1 infection (18).
This might be explained by reduced immune responses to 2009
HINTI after the seasonal influenza virus vaccination. Our find-
ings are in contrast to a recent ferret study that showed that
administration of a seasonal influenza virus vaccine had a pos-
itive immunological priming effect on subsequent 2009 HIN1
vaccination (8). The difference in results between these two
studies might be explained by the vaccine formula. In the
current study, the 2009 HIN1 vaccine did not contain any
adjuvant, as 2009 HIN1 vaccines were shown to induce pro-
tective Ab responses without adjuvant (10, 14, 17, 21). In the
ferret study, however, the priming effect of the previous sea-
sonal influenza virus vaccination was strong only when MF59-
adjuvanted 2009 HIN1 vaccine was administered to animals
that had received prior vaccination with MF59-adjuvanted sea-
sonal influenza virus vaccine. In a future study, the effect of
adjuvant needs to be evaluated in the setting of subsequent
vaccination for different influenza strains.

Our finding that a recent history of seasonal influenza virus
vaccination reduces the Ab responses to the 2009 HINT vac-
cine supports the previously described phenomenon of original
antigenic sin. In original antigenic sin, preexisting influenza
virus immunity hampers the induction of immunity against a
new variant. In the present study, however, preexisting immu-
nity to the seasonal HIN1 virus, as measured by Ab and T cell
responses, did not appear to influence the vaccine response to
2009 HIN1. Although we measured the preexisting immunity
specific to the seasonal HINI1 virus [A/Brisbane/59/2007
(HIN1)], this may, in fact, have been induced by other strains
cross-reactive to the seasonal HIN1 virus. It is possible that a
past infection or vaccination with cross-reactive strains might
distort the original antigenic sin effect of the seasonal HIN1
immunity on Ab response to the 2009 HIN1 vaccine. Actually,
six different HIN1 strains have been included in seasonal in-
fluenza vaccines over the past 15 years. In the future, a larger

study needs to be performed to evaluate the effect of preexist-
ing immunity to seasonal influenza virus on Ab response to
2009 HINT.

In the present study, we recruited study subjects ages 16 and
17 from a single suburban city. It is possible that the vaccine
response might be affected by various factors, such as age of
subjects and regional viral variants (6). Therefore, the rela-
tively young and uniform age of our subjects from a single
suburban city allowed us to reduce confounding effects caused
by age and regional viral variants. Our study in a homogeneous
population should be extended to a larger heterogeneous pop-
ulation to generalize our results. The future study will verify
the original antigenic sin effect between seasonal HIN1 and
2009 HINI. In the future study, the kinetics of antibody re-
sponses need to be investigated by sampling of sera at multiple
time points, since our current study examined HI titer at an
early time point, day 14.

Pandemic spread of 2009 HIN1 and the nationwide vacci-
nation program in the Republic of Korea enabled us to study
the effect of recent seasonal influenza virus vaccination on the
Ab response to subsequent 2009 HIN1 vaccination. As a re-
sult, we demonstrate here that a recent history of the seasonal
influenza virus vaccination led to a reduction in Ab responses
to the 2009 HIN1 vaccine, in a manner consistent with the
original antigenic sin phenomenon.
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